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design of a prototype configuration. The mechanical requirements and 
constraints were defined for an interface adapter, base-loading coils, 
folding ground radials, and tunable (adjustable) radiating elements. The 
results of these analyses indicate that the proposed antenna configuration is 
mechanically feasible and prototypes should be fabricated and evaluated. 
FORM 
1 J AN 73 Unclassified 1473 EDITION OF 1 NOV 155 IS OBSOLETE 
SECURITY CLASSIFICATION OF THIS PAGE ( lVhen Data Entered) 
PREFACE 
The work described in this report was performed by personnel of the 
Electronics and Computer Systems Laboratory and the Electromagnetics 
Laboratory of the Georgia Tech Engineering Experiment Station. This program 
was sponsored by the United States Army Missile Command (MICOM) as Delivery 
Order No. 0004 under Contract No. DAAH01-83-D-A013. The program was monitored 
by Mr. T. C. Pierce of MICOM. The described work was directed by Mr. J. A. 
Woody, Project Director, under the tE!chnical supervision of Mr. H. W. 
Denny, Chief of the Electromagnetic Compatibility Division. This report 
summarizes the objectives, activities, and results of an investigation to 
analyze the mechanical design and feasibility of a proposed antenna 
configuration which was evaluated electrically on Delivery Order No. 0063 
under Contract No. DAAH-81-D-A003. 
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ANTENNA DESIGN AND MECHANICAL 
FEASIBILITY ANALYSES 
This report describes the significant findings of the second phase of a 
program to develop a prototype antenna configuration which is simpler, 
lighter, and less costly than an existing antenna system. The objective of 
this delivery order was to identify and define the mechanical requirements of 
the prototype antenna configuration. A design analysis was undertaken 1n 
order to assess the impact of the mechanical requirements and constraints on 
the proposed antenna design. Information for this analysis was obtained 
during a trip to the system integration contractor's facility. This delivery 
order is a follow-on to Delivery Order No. 0063 issued under Contract DAAH01-
81-D-A003, in which the electrical performance of the proposed antenna and 
selected modifications were evaluated. 
On 15 March 1983, Mr. E. E. Johnson of MICOM and Mr. W. R. Free, Mr. D. 0. 
Gallentine, and Mr. J. A. Woody of Georgia Tech visited with Raytheon 
personnel at the Raytheon Bedford Plant. The purpose of this visit was to 
discuss the mechanical and electrical characteristics of both the existing 
and proposed antenna configurations. The areas discussed include: the effect 
of the lightning and electromagnetic pulse (EMP) suppressors on the antenna's 
performance; the appropriate locations :for mounting the lightning suppressor; 
methods for stowing and erecting the antenna which satisfy clearance · 
requirements; the mechanical strength requirements of the proposed antenna 
configuration; the method of specifying the base-loading coil for production 
procurement; the method of tuning the radiating element of the antenna and the 
effects of the environment on the tuning mechanism; and the effects of height 
on the antenna. The details of the discussions and the conclusions reached 
during the visit are contained in the trip report given in Appendix A. 
A mechanical design analysis was conducted to identify and define the 
mechanical requirements of the proposed antenna configuration. The · impact of 
these mechanical requirements on the design of the prototype configuration 
was assessed. The mechanical requirements and constraints were defined for: 
- the interface adapter, 
- the base-loading coil, 
1 
- the folding ground radials, and 
- the tunable (adjustable) radiating element. 
The details of the mechanical design analysis are given in Appendix B. The 
results of this design analysis reveal no mechanical difficulties which will 
prohibit construction and use of the proposed antenna configuration. 
In order to obtain additional design information necessary for a 
determination of the mechanical requirements of the prototype antenna, 
selected electrical measurements were performed. Antenna measurements were 
made to: (1) experimentally verify that a zero degree ground radial decline 
angle improves the gain characteristics of the antenna (as was analytically 
predicted under Delivery Order No. 0063), (2) determine if interchanging 
"off-the-shelf" base-loading coils has any effect on the antenna performance, 
and (3) to determine if a fixed ground radial length could be used to cover 
the frequency range of interest and, if so, what the optimum length of these 
radials should be. The measurement results and conclusions are detailed in 
Appendix C. In summary, it was found that decreasing the ground radial 
decline angle from 15 degrees to zero degrees results in approx-
imately 1 decibel improvement in the antenna gain (at zero degrees elevation 
angle relative to horizontal). Therefore, a zero degree decline angle will be 
incorporated into the prototype antenna design. It was also determined that 
interchanging the base-loading coil of the original monopole, which was tuned 
to 88 MHz, with the base-loading coil from a monopole tuned to 78 MHz, had no 
discernable effect on the gain characteristics at 79 MHz. And finally, it was 
concluded that a fixed ground radial length of 36 inches was sufficient for 
use over the 68 to 88 MHz frequency range. 
In swmnary, a program was conducted to analyze the impact of the 
mechanical requirements on the design of a prototype antenna configuration. 
It is concluded that the proposed antenna configuration is mechanically 
feasible and it is therefore recommended that two (2) prototype antennas be 
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On 15 March 1983, E. E. Johnson of MICOM and W. R. Free, 
D. o. Gallentine, and J. A. Woody of Georgia Tech visited the Raytheon 
Bedford Plant to discuss the electrical and mechanical characteristics of 
both the existing and proposed antenna configurations. The meeting attendees 
are listed in Attachment 1. 
First, Georgia Tech personnel gave a presentation describing the 
objectives, ·technical efforts, and results of the Antenna Evaluation Program. 
On this program, the performance characteristics of one antenna configuration 
and nine modified configurations were evaluated. A major conclusion of this 
effort was that a simpler, lighter, and less costly replacement for the 
existing antennas is feasible and can provide comparable or better 
performance characteristics. Also, it was concluded that the antenna must be 
tunable (i.e., the length of the monopole radiating element must be 
adjustable) to operate properly over the desired frequency range. 
Following the presentation, considerable discussions ensued regarding 
various electrical and mechanical aspects of the proposed antenna 
configuration. The areas discussed included: 
Effects of the required lightning suppressor on the antenna 1 s 
performance, 
Appropriate locations for mounting the lightning suppressor, 
Effects of the required EMP suppressor on the antenna 1 s 
performance, 
Method of specifying the base-loading coil for production 
procurement, 
Method of tuning the radiating element of the antenna, 
A-2 
Effects of the environment on the tuning mechanism, 
Mechanical strength of the proposed antenna configuration, 
Methods of stowing and erecting the antenna, and 
Effects of height on the antenna's performance and access. 
As a result of these discussions, it was concluded that a 2-foot adapter 
section for mechanically interfacing the antenna to the existing mast must be 
designed. (Some specifics of the design were discussed in detail.) The 
lightning suppressor should be mounted on the adapter section and its effects 
on the antenna's performance should be investigated. It was pointed out that 
the EMP suppressor has negligible effects on the VSWR of the antenna across 
the frequency range of interest. 
At least two alternatives exist for specifying the base-loading coil at 
the time of procurement: ( 1) specify an "off-the-shelf" coil for a 5/8-
wavelength monopole or (2) specify the exact design of the coil. In order to 
select the best alternative, it was decided that the effects of interchanging 
"off-the-shelf" coils need to be investigated. 
The antenna tuning mechanism and its resistance to the environment 
(salt, wind, ice, etc.) were discussed. Primary concerns are the ease with 
which the antenna can be quickly retuned and the clearances when the antenna 
is lowered for retuning. These factors influence the lengths of the adapter 
and the tuning mechanism. Preliminary decisions on how to fabricate the 
tunable element and on how to provide indications of the tuned frequencies 
were also made. The specific details of the design need to be formulated. 
The mechanical strength of the various parts of the antenna, especially 
the base-loading coil and connections to it, were discussed. The strength of 
the antenna in high winds under icy conditions 1.s important. It was 
recommended that the mechanical strength of the proposed configuration be 
analyzed. 
During the meeting, concern regarding the effects of the antenna height 
on performance were expressed. The final height of the proposed antenna is 
determined by mechanical and human access (for retuning and stowing) 
constraints. Since this height is somewhat lower than the height of the 
existing antenna, the effects of height on the antenna's performance should be 
determined. 
A·-3 
The effects of an asymmetrical ground plane, below the antenna but above 
earth, on the azimuth pattern were questioned. These effects also need to be 
evaluated. 
Finally, the techniques for folding the ground radials and stowing the 
entire antenna were discussed at length. It was decided that the radials 
would be hinged at the base of the antenna and would fold up around the 
radiating element for stowage. It was proposed that a strip of hook-and-loop 
fastener be attached to the end of one radial such that the radials can be 
secured in the stow position. The specifics of the radial's mounting, lock-
down mechanism, and fastening technique in the stow position must be designed. 
During the discussions, it was decided that the entire antenna assembly will 
be stowed in a tube mounted on the side of the existing mast. 
On 16 March 1983, E. E• Johnson, W. R. Free, D. 0. Gallentine and J. A. 
Woody visited the Raytheon Andover plant. During this visit, a tour of the 
plant was provided. 
were examined. 
The existing antenna,, mast, and complete installation 
At both locations, the Raytheon personnel were extremely helpful and 
encouraging throughout the discussions. Based on the response at this first 
meeting, it is expected that future working relationships will be very good. 
A-4 
Donald 0. Gallentine 
David W. Shuford 
E. E. Johnson 
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APPENDIX B 
Mechanical Design Analysis 
B-1 
This appendix describes the design analysis which was undertaken to 
identify and define the mechanical requirements of the proposed antenna 
configuration. Specific areas which were addressed during this analysis 
included the following: 
interface adapter, 
base-loading coil, 
folding ground radials, and 
tunable (adjustable) radiating element. 
Figure B-1 illustrates the overall conceptual design of the antenna 
configuration which resulted from the design analysis. The specific details 
of the design are discussed in the following paragraphs. 
The adapter for mechanic:ally interfacing the antenna to the existing 
lower mast was designed as illustrated in Figure B-2. The length of this 
interface adapter was selected to be two feet, which decreases the antenna 
height a sufficient amount to provide clearance when the antenna is lowered 
and to provide easy access for retuning the antenna. The final design 
provides for mounting and interconnecting the lightning suppressor and for 
grounding the antenna. 
been designed which 
requirements. 
In short, a structurally sound interface adapter has 
meets all the necessary mechanical and clearance 
The mechanical design analysis o:f the base-loading coil includes the 
type of coil to be used, the method of mounting it to the interface adapter, 
and its mechanical strength. It is proposed that commercially-available 
coils, normally used in conjunction with amateur radio monopole antennas, be 
used in the prototype antennas. One such coil is that manufactured by 
Antenna, Inc. (Model No. Exp. 1244A). The base-loading coil will be mounted 
to the interface· adapter via a machined bulkhead-mount type N connection. The 
top of the coil is mounted to the radiating element with a 3/8-inch diameter, 
threaded connection. The design analysis indicated that the base-loading 
coil and connections to it are potentia~ weaknesses and, therefore, it is 
recommended that actual destruct tests be conducted in order to quantify the 
maximum shear and moment loads. 
The design of the folding ground radials resulted in an approach which 








Figure B-1. Overall Conceptual Design of the Antenna Configuration. 
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interface adapter which allow them to fold up around the radiating element for 
stowage. A lock-down mechanism, which is illustrated in Figure B-2, was 
designed in order to secure the ground radials in their operational 
configuration. A strip of hook-and-loop fastener is attached to one radial to 
secure the radials in their stow position. The antenna design calls for 
ground radials whose diameter is smaller than that of the radiating element. 
Since the length of the ground radials (36 inches) is less than the length of 
the radiating element, they will withstand greater wind and ice loading than 
the radiating element. 
The design for the adjustable radiating element is shown in Figure B-3. 
It consists of a 0.2-inch diameter, stainless steel whip section which slides 
inside of a 7/8-inch diameter hollow tube. (The hollow tube is 25.84 inches 
long and the entire radiating element: is 104.92 inches long when fully 
extended.) The antenna is tuned by aligning a pair of engraved marks (one on 
the outside of the tube and the other visible through slots cut in the tube) 
which will be located according to frequency. Once tuned, the whip is held in 
place with a locking mechanism (similar to a pin vise) which is located at the 
top of the tube. 
The final phase of the design was to analyze the stresses on the proposed 
antenna configuration due to ice loading and high winds. ,The analysis on the 
whip section resulted in a maximum realized shear stress of 88,175 psi under 
100 mph wind conditions. Since the maximum allowable shear stress for the 
whip is 117,500 psi (calculated from the manufacturer's quoted material yield 
strength), the static safety factor is approximately 1.33 (117,500/88,175). 
Extended exposure to 100 mph winds would likely cause failure due to fatigue. 
Under 50 mph wind conditions, the thickness of ice which would provide a load 
equivalent to 100 mph wind conditions with no ice is approximately 0.3 inches. 
However, since the whip has a maximum diameter of only 0.2 inches, it is 
unlikely that such an accumulation of ice could occur in 50 mph winds. A 
similar analysis for the whip/hollow tube combination yields a static safety 
factor for 100 mph wind loading of greater than 2 and an equivalent ice 
accumulation of 1.3 inches in 50 mph winds. 
In summary, the mechanical aspects of the proposed antenna configuration 
have been investigated and no mechanical difficulties were encountered which 












Figure B-2. Conceptual Design of Interface Adapter. 
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Figure B-3. :onceptual Design of the Adjustable Radiating Element. 
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APPENDIXC 
E-lectrical Measuren1ents to Support Mechanical Design 
C-1 
The objective of the antenna measurements was to obtain information 
necessary to determine the mechanical requirements and constraints for the 
prototype antenna. The electrical measurements performed under this Work 
Order were an extension of those performed under Delivery Order No. 0063 
issued under Contract DAAH01-·81-D-A003. Specifically, measurements were 
performed to: (1) determine if a fixed ground radial length could be used to 
cover the frequency range of interest and, if so, what the optimum length of 
these radials should be, (2) determine if interchanging "off-the-shelf" base-
loading coils has any effect on the antenna performance, and (3) 
experimentally verify that a zero degree ground radial decline angle will 
improve the gain characteristics of the antenna as was analytically predicted 
under Delivery Order No. 0063. The results of these measurements were used to 
validate the feasibility of the proposed antenna system and to determine the 
mechanical requirements of the antenna mount. 
Antenna gain measurements were made at 68, 79, and 88 MHz using the test 
method and configuration described in the Georgia Tech final report 1 under the 
previous delivery order. Once again, it should be noted that these 
measurements were performed at zero · degrees elevation angle relative to 
horizontal with the antenna-under-test mounted in its normal operating 
orientation (i.e., vertical), and therefore the measured gain is not 
necessarily the maximum gain in the elevation plane. 
The radiating element was tuned to be 5/8-wavelength long at each test 
frequency and was base-loaded for impedance matching. The antenna utilized 
three (3) ground radials (determined to be the optimum number from 
measurements made during the previous delivery order) and the length and 
decline angle of these radials were adjusted using the procedures detailed 1n 
the previously referenced report. Decreasing the dec line angle from 15 
degrees to zero degrees resulted in a 1.1 dB improvement in gain using 36-inch 
ground radials at 79 MHz. It was therefore concluded that a zero degree 
decline angle should be used in· the prototype antenna design. It was also 
determined that interchanging the base-loading coil of the original monopole, 
which was tuned to 88 MHz, with the base·- loading coil from a monopole antenna 
tuned to 78 MHz, had no discE~rnable effect on the gain characteristics at 
1 
J. A. Woody, "Evaluation of Proposed Antenna and Selected 
Modifications," Contract No. DAAH01-81-D-A003, Delivery Order No. 0063, March 
1983. 
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79 MHz. And finally, the antenna gain was monitored while varying the ground 
radial length from 24 inches to 48 inches for each of the three test 
frequencies (68, 79, and 88 MHz). It was concluded that 34 to 36 inches is the 
optimum range for the radial length so that no degradation ~n antenna gain 
occurs over the entire 68 to 88 MHz frequency range. A length of 36 inches 
will be used in order to obtain a marginal amount of additional isolation from 
metallic objects located beneath the antenna. 
C--3 
